Objectives Medical records are legal documentation of patients' care hence must be accurate and complete for both medical and legal purposes. Electronic patient record (EPR) systems aim to improve the accuracy of documentation, provide better organisation and access of data. This study compares the completeness of traditional note records and EPR in glaucoma patients. Methods Using criteria from the April 2009 National Institute for Health and Care Excellence (NICE) guidelines completeness of data entry was compared between EPR and paper notes in three units. Moorfields Eye Hospital (City Road) uses the Openeyes EPR. Bedford Hospital (Moorfields Eye Centre) and Western Eye Hospital use the Medisoft EPR. The standard was set at 100% compliance for predetermined parameters. Results One hundred seventy paper notes and 270 electronic records were analysed. With the exception of central corneal thickness (p = 0.31), all other key parameters were more consistently recorded in the paper records than in the EPR. Intraocular pressure (p = 0.004), anterior chamber configuration and depth assessments using gonioscopy (p < 0.001), fundus examination (p = 0.015), past medical history (p < 0.001), medication including glaucoma medication (p < 0.001) and drug allergies (p < 0.001).
Introduction
Medical records are legal documentation of patients' care. As part of providing good clinical care, the General Medical Council (GMC) states that 'a clinician must keep clear, accurate and legible records, reporting the relevant clinical findings, the decisions made, the information given to patients, and any drugs prescribed or other investigations or treatment' [1] . The Francis Report highlighted that standard of record keeping was 'poor and inconsistent' [2] . This leads to risk to patient safety and risk to Trust being found liable for mistakes that may be assumed to have occurred. It recommended that the standard of record-keeping should be audited regularly. Electronic patient record (EPR) systems aim to improve the accuracy of documentation, provide better organisation and access of data. Previous studies investigated the impact of electronic records on patient experience [3] and medication adherence [4] . To date, we have not found studies comparing the completeness of paper and electronic records in the diagnosis and management of glaucoma.
It has been estimated that 266,000 people are living with detected glaucoma in the United Kingdom [5] . Chronic open angle glaucoma (COAG) is a common form of glaucoma. It is usually asymptomatic until late stages of the disease where severe visual damage has occurred. Although COAG can occur with or without raised ocular pressure, ocular hypertension (OHT) remains one of the main risk factors for developing COAG [6] .
National Institute for Health and Care Excellence (NICE) published guidelines on the diagnosis and electronic records filled in at first visit between the chosen timeframe, depending on clinician choice. Only electronic EPR was used for Bedford Moorfields. EPR was encouraged at City Road but it was clinicians' choice for which system to use. Either paper or electronic data was collected depending which system was chosen for that visit. Records from the initial clinical visit in patients with newly diagnosed glaucoma were analysed. The standard was set at 100% compliance with NICE guidelines for completeness. We chose to review the first 170 paper notes and the first 270 EPR in that timeframe who were newly diagnosed with OHT, COAG or suspected to have COAG. We collected the first 170 notes that were available. The list of EPR patients was generated by the electronic appointment system. Those patients who were not inappropriate e.g., not newly referred patients or with other diagnosis were then excluded.
All data was entered into a bespoke database and contingency tables were constructed and analysed with chisquare tests and Fisher's exact tests.
Results
One hundred seventy paper notes (Moorfields Eye Hospital, n = 100; Western Eye Hospital, n = 70) and 270 With the exception of CCT, documentation of all other key parameters was significantly higher in paper records than in EPR-IOP (100 vs. 95.6%, p = 0.004), anterior chamber configuration and depth assessments using gonioscopy (88.8 vs. 63.0%, p < 0.001) and optic nerve and fundus assessment with dilatation using slit lamp biomicroscopy (90.0 vs. 81.5%, p = 0.015) ( Table 1) .
Information collected at the initial clinic visit was significantly more detailed in paper records compared to EPR-past medical history (92.4 vs. 72.6%, p < 0.001), current systemic and topical medication (93.5 vs. 68.1%, p < 0.001), glaucoma medication (88.2 vs. 60.0%, p < 0.001) and drug allergies and intolerances (87.6 vs. 63.7%, p < 0.001) ( Table 1) .
Within electronic records, areas of poor documentation achieving less than 80% compliance were: anterior chamber configuration and depth assessments using gonioscopy (63%), past medical history (72.6%), current medication (68.1%), glaucoma medication (60.0%) and drug allergies and intolerances (63.7%).
Discussion
Clinical governance involves continuously improving the quality of service and safeguarding high standards of care. All records should be reliable. Our study demonstrates that legible paper records are significantly more complete and reliable than EPR. This is the case for two different EPRs and three separate sites. A key measurement, visual field, was not currently electronically linked to the Openeyes EPR at Moorfields Eye Hospital, hence was excluded from the analysis. Findings from our study were similar to Linder et al. and Black et al. where there was no association between EPR use and good quality of care [7, 8] . Romano el al suggests that this is this case even with clinical decision support tools where reminders and alerts are adopted [9] . However, our results contrast sharply with those who investigated EPR use in diabetes care [10] . This may be because the study was carried out in context of a regional quality improvement collaborative and that clinicians who were using EPR were more willing to report their results.
Issues related to computer use are significant barriers to EPR [11] . A certain level of computer skill is required by clinicians in order to navigate through the electronic system. Many consider EPR challenging because of multiple screens and options. Therefore, insufficient technical knowledge can result in resistance. At Moorfields Eye Hospital and Western Eye Hospital, both paper and electronic records are used. Similar to Mikkelsen et al. [12] , we found that when there is parallel use of two systems, this offers the preference to use one or the other. This deters from progressing to the sole use of EPR as it is natural to resist change. Another limitation would be that EPR is only recently introduced in glaucoma (2014) and our study is conducted during the switching over period to the new electronic system. In Bedford, however, the EPR is used uniquely and similar results were found for completion suggesting these factors are only part of the reason for poorer documentation.
The prompt access of patient information has huge advantages which are readily offered by electronic records. Big data allows storage, generation and synchronisation of large quantities of results [13] . This is now being used in Alzhelmer's disease and haematological cancers [14, 15] . Furthermore, compared to EPR, once clinical notes are lost, they cannot be recovered. As shown by Yoong et al., lost notes are associated with poor clinical outcome [16] . Our findings indicate that attention has to be paid to the completion and structure of records to ensure that they are fit for purpose. Additional points for consideration in the development of EPR include:
Data entry correction
Once saved, it can be difficult to revisit electronic records for correction. Since there is no cross-checking mechanism in place, it is difficult to ensure that data has been entered accurately. This has an impact on reviewing the data later on for clinical and research purposes. Incorrect records cannot be replaced despite being detected by data cleaning processes, whereas mistakes on written notes are easier to identify. In addition, errors in electronic prescribing were found to be unacceptably high by Theodossiades et al. [17] . Poor EPR data quality suggests that it is not yet mature enough to be a quality control system for health organisations on its own. Identifying reasons for poor compliance allows quality improvement.
Reliability of records
There are also concerns about the reliability of an electronic system [18] . Potential pitfalls include temporary loss of access to patient records if computer crashes or virus attack; or permanent loss of unsaved work in power failure. The recent NHS cyber-attack is an example where extensive disruption to hospital and general practice appointments has occurred [19] .
Medical ethics and law
Confidentiality is one of the core values of ethical medical practice. 'Seeking a patient's consent to disclosure of information shows respect, and is part of good communication between doctors and patient' [20] Many are concerned about ethical issues associated with electronic records [21] . Data on the electronic system can be accessed by those who are not authorised to do so and inappropriate patient information disclosure can lead to legal consequences.
Cost benefit analysis
Information technology systems are often costly, but benefits are questionable. For example, the Department of Health initiatives of 'safer hospitals, safer wards; achieving an integrated digital care record' has cost the NHS £500 million since its publication in 2013 [22] . A recent study by Hakim et al. pointed out that the use of EPR may actually increase healthcare expenditure because clinicians with EPR access ordered more tests than those who did not have EPR access [23] . However, costs of ongoing training and maintenance of EPR compared to costs of storage and tracking written notes remain unclear and warrant further studies.
Interference with doctor-patient relationship
In Shachak's study, 92% of clinicians felt that the use of EPR disrupted their communication with patients [24] . Morrison et al. suggests that EPR impedes the consultant's ability to conduct ward rounds [25] . Increase screen gaze time and inevitably less eye contact and conversation with patients negatively impacts on the doctor-patient relationship. In addition, the time gap between visualising the pathology and hunting for menus and buttons to record them can create opportunities for error. However, whether this really is a problem for doctors and patients require further research.
In order to fully adopt EPR in the future, we are discussing ways to improve the system. We are currently working on introduction of additional training on EPR for trainees. Furthermore, Riedmann et al. showed that decision support alerts reduce errors in prescribing [26] . These can easily be applied to electronic documentation. The layout of the electronic form can be similar to written proformas for ease of use. Finally, the use of forced choice fields will ensure key parameters are recorded. Further analysis is warrant to assess any improvement in the completion of EPR once electronic records are solely adapted.
In conclusion, our study shows paper records have better adherence in documentation about information required in the NICE guidelines. EPR has great potential for better data storage, processing and analysis. We propose additional training to aid data-collection; improving the design of EPRs by investigating factors such as layout and the use of forced choice fields.
Summary
What was known before • Previous studies investigated the impact of electronic records on patient experience and medication adherence.
What this study adds
• To date, we have not found studies comparing the completeness of paper and electronic records in the diagnosis and management of glaucoma.
